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Description 

[0001] The present invention relates to synthesis of a dye and use thereof in an intraocular lens. 

[0002] Lately, influences of blue violet light on the human body have been reported. As a result of these influences, 
5 injuries to eyes, particularly light harm to the retina, are feared. Intraocular lenses which are inserted in eyes after an 

operation for cataract, contact lenses, implants of the cornea and other intraocular lenses should have a function of 

guarding against rays having such high energy. The sun emits ultraviolet, visible rays and infrared in large quantities. 

The sun emission, which arrives on the surface of the earth through the atmosphere, constitutes UV-B (230-300nm), 

near ultraviolet or UV-A (300-400nm), visible rays (400-700nm) and near infrared rays (70f>1400nm). The human 
io choroid mostly transmits near infrared rays and visible spectrum under common conditions. However, the cornea mostly 

absorbs UV-B so that the UV-B cannot reach the retina. 

[0003] Senility changes of the transmission properties of ultraviolet and visible rays appear in human crystalline 
lenses by aging. The crystalline lenses freely transmit ultraviolet and visible rays in infancy, transmit the rays less with 
age, and become yellowish gradually. Particularly, as the transmissivity of rays between 400nm and 500nm slowly 
is lower, the visible view becomes yellowish. The visual function then becomes used to such conditions. For this reason, 
when the crystalline lenses of aged cataract patients are cut out and transparent artificial lenses are inserted into the 
eyes, the protective reactions of eyes, especially tissues of the retina and the like in fundus oculi, to protect from 
ultraviolet and near ultraviolet rays are lowered. As a result, the patient senses a bluish view after the surgical operation. 
It is called Chromatopsia. 

20 [0004] I n recent years, lenses for eyes to protect from harmful ultraviolet, particularly intraocular lenses, have become 
commercially available. These lenses are produced by mixing or chemical bonding of an ultraviolet absorber, which 
cuts off lights of less than 400nm, with a lens material, to lowerthe amount of incident ultraviolet to the eyes and protect 
the eyes from the harmful ultraviolet. Further, coloured intraocular lenses are available commercially. These lenses 
are produced by mixing or copolymenzing an ultraviolet absorber and a dye, which has absorption at a visible short 

25 wave range, with a material of hard lenses. On the other hand, as the materials of intraocular lenses other than those 
of hard lenses, lenses produced by soft materials such as silicone elastomers and acrylic elastomers can be obtained 
commercially. When a dye is directly mixed or dispersed into these soft materials, there is a possibility of bleeding out 
of the dye because of high molecular motion of the materials themselves. Accordingly, in the case of production of 
coloured lenses with soft materials, the coloured molecules should be rigidly bonded to the polymer of the materials. 

30 [0005] Japanese Patent Laid-open Publication H01 -299560 discloses a material for an intraocular lens characterised 
by a polymerizable ultraviolet absorber having polymerizable groups selected from the groups comprising of acrytoyl, 
methacryloyl, vinyl, allyl and isopropenyl and a polymerizable dye having polymerizable groups selected from the 
groups comprising of acryloyl, allyl and isopropenyl, which copolymerizes with another polymerizable monomer ingre- 
dient for lens production. Japanese Patent Laid-open Publication H08-503997 discloses a polymer lens material for 

35 eyes, which contains one or more monomers for forming lenses selected from the groups comprising of acrylate mon- 
omers and methacrylate monomers and one or more polymerizable yellow dyes having one to four polymerizable 
acrylate or methacrylate groups, wherein the dye part is substituted for each acrylate or methacrylate group by a spacer 
group of the following formula [III]. 

45 (R 4 )dP0g ittti 



wherein R 3 is alkyl of less than 6 carbons; R 4 is a noncyciic organic spacer of less than ten atoms of C, H, Si, 
O, N, P, S, CI, Br or F or a combination thereof; X is O, NH or NR 5 , wherein R 5 is aikyl of C^C^; d, e, g and h are 
50 independently integers in the range 0-4; and c and f are independently integers in the range 1 -4. 

[0008] Further, Japanese Patent Laid-open Publication H09-1 87500 discloses diacrylates/dimethacrylates of the 
following formula [IV]. 
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( r6 >. /t~\ /==\ .(R 8 wrV-c-9=ch 2 



(R 10 )m(R 11 )hX-C-C s CH 2 

R» [TV] 



10 wherein R 1 and R" are independently H or CH 3 , R 6 and R 7 are independently hydrogen, alkyl of C^C^, OCH3, OC^ 
OC3H 7 , or OC 4 H 9 , i and j are independently integers of 1 or 2, R 8 , R 9 , R 10 and R 11 are independently noncyclic organic 
spacer groups of less than 10 atoms, the spacer groups being C, H, Si, O, N, P, S, CI, Br or F or combinations thereof, 
k and m are independently integers in the range 1-6, 1 and n are independently integers in the range 0-6, and X is O, 
NH or NR 5 , wherein R 5 is alkyl of C^ 0 . 

15 [0007] These techniques disclosed in known references apply a method for copolymerizing a polymerizable colouring 
agent or an ultraviolet absorbing agent with an acrylic or methacrylic polymer by radical polymerization Materials of 
the coloured intraocular lenses produced by these techniques are hard polymethylmathacrylate. Although the above 
known techniques take effect to provide stable hard lenses, there are many problems because a suitable method for 
colouring soft intraocular lenses and a technique there for are not disclosed. Moreover, sinee azo dyes generally inhibit 

20 radical polymerization, the possibility remains of unpolymerized monomers or low molecular ingredients in polymer 
products. Some claims of these patent applications disclose dyes having a phenolic hydroxyl group. I lowever, since 
the phenolic hydroxyl group traps growth radicals in the polymerization, it is not suited for radical polymerization. Some 
claims of these patent applications disclose dyes using an altyl group as a polymerizable group. The ally! group is poor 
in radical polymerization and unsuitable for such polymerization. Monomers having acryl or methacryl groups have 

25 high reactivity and high toxicity, so that these arc difficult to treat 

[0008] Preferred embodiments of the present invention aim to provide lenses for eyes having visible lighttransmission 
properties near to those of human crystalline lenses, and particularly colouring techniques effective for soft lenses for 
eyes. 

[0009] According to one aspect of the present invention, there is provided a dye for an intraocular lens having the 
30 following formula [I] or [II]: 



R 3 — N=l 




40 



wherein R 1 is linear or branched alkyl of C r C 10 or phenyl; when R 1 is phenyl, oneor more hydrogens of its aromatic 
ring may be substituted by linear or branched alkyl of C r C 10 , linear or branched alkoxyl of C r C 10 , hydroxy, amino, 
45 sulfo, nitro, halogen, carboxy, -C(=0)-0-R 4 or -C(=0)-NH-R* wherein R 4 is linear or 1) ranched alkyl of C r C 10 ; 

R 2 is linear or branched alkyl of C,-C 10l amino or phenyl; when R 2 is amino, one or both hydrogens thereof may 
be substituted by linear or branched alkyl of C,*C 10 ; or when R 2 is phenyl, one or more hydrogens of its aromatic 
ring may be substituted by linear or branched alkyl of C r C 10 , linear or branched alkoxyl of C r C 10 , hydroxy, amino, 
so sulfo, nitro, halogen, carboxy, -C(=0)-0-R 4 , -C(=0)-NH-R 4 , wherein R 4 is linear or branched alkyl of C r C 10 ; 

R 3 is phenyl or naphthyl, one or more hydrogens thereof are linear or branched alkyl of C,-C 10 , Linear or branched 
alkoxyl of Cj-C^, hydroxy, amino, sulfo, nitro, halogen, carboxy, -C(=0)-0-R* -C(=0)-NH-R* wherein R 4 is linear 
or branched alkyl of C r C 10 ; and 

55 

in formula [I] , at least one hydrogen of the aromatic ring constituted in R 1 , R 2 or R 3 is substituted by any of CH 2 CH= 
(CHgW, CH 2 =CH-(CH 2 ) m -Xi-(CH 2 ) n -, CH2=C(R 5 )-(CH 2 ) m -Xi-C(=0)-(CH 2 ) n -,CH2=C(R5)-(CH 2 ) m -C(=0) 
-XMCH 2 ) n -, {CH^ClRSj^CHg^-^N-fCr^)^, or {CrVCfR^^CH^^aN-ChOJ-tCH^-; wherein X* is -O- or 
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-NR 6 -, R 5 and R 6 are independentty hydrogen, or linear or branched aJkyl of C t ~C 10 , and m and n are independently 
integers in the range 0 to 10: 



10 




15 wherein R 11 , R 12 , R 13 , R 14 , R 15 , R 1 * R17 R18 R19 and R*> are independently selected from hydrogen, hydroxy, 

halogen, or linear or branched alkyl of C^Cjq, and at least one of them is a substituted group represented by: 

^ CH 2 =CR 21 -X" CH 2 =CR 21 -X 11 

X N X 13 — \ X 13 — 

CH^CR^-X 12 Qr r 23 ' 

25 

wherein R 21 and R 22 are independently hydrogen or methyl, R 23 is hydrogen or linear or branched alkyl of C 1 ~C 10 , 
X 11 , X 12 and X 13 , independently, have covalent bonds, or linear or branched bivalent spacer groups, or -(CH^m- 
0-(0H 2 ) n . i wherein m and n are independently integers in the range 0 to 10. 

30 [0010] The invention extends to a colouring silicone material which is obtained from chemical bonding of the dye 
represented by formula [I] or [II] to a silicone polymer having hydrosilyl groups. 

[0011] The invention extends to a colouring silicone material which is obtained from chemical bonding of the dye 
represented by formula [I] or [II] and an ultraviolet absorber having functional groups capable of chemical bonding to 
a silicone having hydrosilyl groups. 

35 [0012] In such a colouring silicone material, the silicone having hydrosilyl groups may be selected from the group 
comprising a dimethylsiloxane-methylhydrosiloxane copolymer, a diphenylsiloxane-phenylhydrosiloxane copolymer, 
polyethylhydrosiloxane, a methylhydrosiloxane-phenylmethylsiloxane copolymer, a methylhydrosiloxane-octylmethyl- 
siloxane copolymer, a silicone resin containing hydrosilyl groups and polyp henyl(dimethylhydrosiloxy)siloxane. 
[0013] The invention extends to a silicone elastomer obtained by crosslinking of a silicone having hydrosilyl groups 

to as above with a silicone having vinyl groups. 

[0014] The invention extends to a silicone elastomer obtained by crosslinking of a silicone having hydrosilyl groups 
as above with a silicone having vinyl groups and a silica. 

[001 5] The invention extends to an intraocular lens comprising a dye, colouring silicone material or silicone elastomer 
as in any of the preceding aspects of the invention. 

45 [0016] A yellow dye according to a preferred embodiment of the present invention has a constitution able to bond 
chemically to transparent silicone having hydrosilyl groups by an addition reaction. Since the dye is able to attach 
directly to polymer chains, it has a much lower tendency to exude from materials after shaping for use in the eyes. As 
a yellow dye according to a preferred embodiment of the present invention has also radical polymerizability, it is possible 
to obtain coloured intraocular lenses by (^polymerization with monomers of radical polymerizability such as acrylic 

so and styrene types. More preferably, lens materials are obtained by using a method other than radical polymerization, 
namely by bonding the dye to a polymer chain. Yellow dyes according to preferred embodiments of the present invention 
may have a maximum absorption of 350-450nm. Lenses for eyes, obtained by bonding both the yellow dye and another 
ultraviolet absorbing agent to silicone or by coporymerization of the dye with a monomer constituting lenses, can shut 
off the greater part (more than 99%) of incident violet light to the eyes and lower blue tight intensity to reduce the bad 

55 influence of light upon eyes. The tenses can be used as intraocular lenses, glasses, contact lenses and other lenses 
for eyes. 

[0017] Coloured silicone obtained in a preferred embodiment of the present invention has its absorption band in the 
blue region. The silicone does not exude dye, and is suitable for use in contact with living organisms, and for long-term 
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use in the eyes. 

[0018] For a better understanding of the invention, and to show how embodiments of the same may be carried into 
effect, examples thereof will now be described, and reference will be made, by way of example, to the accompanying 
diagrammatic drawings, in which: 

5 

Figure 1 shows a transmission spectrum of u ftraviolet-visible light of a plate sample of silicone elastomer in Example 
1 described below; and 

Figure 2 shows a transmission spectrum of ultraviolet-visible light of a plate sample of silicone elastomer in Example 
10 3 described below. 

[0019] An example of a yellow dye according to an embodiment of the present invention, which has the possibility 
of addition bonding to silicone, has a basic skeleton of azobenzene or phenylazopyrazolone, and it has unsaturated 
alkyl groups such as vinyl and allyl, to give the possibility of addition bonding to silicone polymers. Moreover, it has 

15 characteristics of blocking violet light and protection of eyes from not only blue light but also violet light by using a 
supporting mixture of the dye and an ultraviolet absorbing agent having the possibility of addition bonding to silicone 
at the same time, or by using a mixture of the dye and silicone supporting an ultraviolet absorbing agent. 
[0020] A form of such a yellow dye is represented by a constitution of an enol type of the above general formula [I], 
and also by a keto type of the formula. 

20 [0021] Examples of such compounds are 4-(4-acryloyloxyphenyl)azo-3H7iethyl-1-phenyl-^pyrazolone f 4-(4-meth- 
acryloylphenyl)a20-3-methyl-1 -phenyl-5-pyrazolone, 4-(4-methacryloyloxyphenyl)azo-3-methyl-1 -phenyl-5-pyrazolo- 
ne, 3-methyl-l -phenyl-4-(4-vinylphenyl)azo-5-pyrazolone, 1 -(4-tert-butylphenyl)-3-methyl 4-(4-vinylphenyl)azo- 
5-pyrazolone, 4-(4-allylphenyl)azo-3-methyl-1 -phenyl-5-pyrazolone, 4-(4-hydroxy-3-allylphenyl)azo-3-methyl-1 -phe- 
nyl-5-pyrazolone, 4-allyk>xyphenylazo-3-methyl-1-phenyl-5-pyrazolone, 4-{4-allyloxymethylphenyl)azo-3-methyi- 

25 l-phenyl-5-pyrazo!one, 4-allyloxycarbonylphenylazo-3-methyM -phenyl-5-pyrazolone, 4-(4-allyloxycarbonylphenyl) 
azo-3-methyl-1 -phenyl-5-pyrazolone, 4-(4-allyphenyl)azo-1 -(4-tert-butylphenyl)-3-methyl-6-pyrazolone, 4-(4-allyloxy- 
phenyl)azo-t ^4-tert-butylphenyl)-3-methyl-5-pyrazolone, 4-(4-allyloxycarbonylphenyl)azo-1 -(4-tert-butylphenyl)- 

3- methyl-5-pyrazolone, 4~(4-acryloylphenyl)azo-1 -(44ert-butylphenyl)-3-methyl-5-pyrazolone, 4-(4-acryloyloxyphe- 
nyl)azo-1 -(4-tert-butylphenyl)-3-methyl-5-pyra2olone, 1 -(44ert^utylphenylH-(4HTiemacryloylphenyl)azo-3^ethyl- 

30 5-pyrazolone, 1 -(44ert-butylphenyl)^(4-methaciyloyloxyphenyl)azo-3H7iethyl-5-pyrazolone, 1 -(4-allylphenyl)-3-me- 
thyM-phenyIazo-5-pyrazolone, 1-(4-allylphenyl>- 4-(4-tert-butylphenyl)azo-3-methyl-5-pyra2olone, 1-(4-allyloxyphe- 
nyl)-4-(4-tert-butylphenyl)a2o-3-methyl-5-pyrazolone, 1-(4-allyloxycarbonylphenyl)-4-(4-tert-butylphenyl)a2o-3-me- 
thyl-5-pyrazolone, 1 -(4-allylphenyl)-4-(2-tert-butylphenyl)azo-3-methyl-5-pyrazolone, 1-(4-allylphenyl)-4-(4-sec-butyl- 
phenyl)azo-3-methyl-5-pyrazoIone, 1 -(4-allylphenyl)- 4-(24ert-butylphenyl)azo-3-methyl-5-pyrazolone, 1 -(4-allylphe- 

35 nyl)-4-(2-sec-butylphenyl)azo-3-methyl-5-pyrazolone, 1^4-acryloylphenyl)-3-methyl-4-pyenylazo-5-pyrazolone, 

4- (3-methyM -phenyl-Siayrazolone^ylJazoallylanilido, 4-(3-methyl-1 -phenyl-5-pyrazolone-4-yl)azoallylanilido t N-al- 
lyl-4-(3-methyl-1 -phcnyl-5i3yrazolone-4-yl)azobcn2amide, N,N-diallyl-4-(3-methyM -phenyl-5-pyrazolone-4-yl) 
azobenzamide and the like, but these are not limited to the above compounds. 

[0022] Examples of yellow dye embodying the present invention also have the above general formula [I i] in addition 
40 to those having the above general formula 

[I]. 

[0023] Examples of such compounds are N,N-diallyM-aminoazobenzene, N-allyl-4-aminoazobenzene, 4-ally- 
45 loxymethylazobenzene, N,N-dimethacryl -4-aminoazobenzene, N-methacryl-4-aminoazobenzene, 4-methacry- 
loxymethytazobenzene, N l N-diallyl-4-(2-aminoethyi)azobenzene f N,N-dial!yl-4-aminomethylazobenzene, N-allyl- 
4-(2-aminoethyl)azobenzene, N-allyl-4-aminomethylazobenzene, N,N-diethyl-4-amino-3-allylazobenzene, N,N-dime- 
thyl-4-amino-3-allylazobenzene, N.N-diethyl^amino-^-allylazobenzene, N,N-dimethyl-4-amino-4'-allylazobenzene 
and the like, but these are not limited to the above compounds. 
so [0024] Preferred examples of dyes embodying the present invention are the following compounds 1 , 2, 3 and 4. 
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CH 3 



Compound 1 




Compound 2 




Compound 3 



Compound 4 



[0025] Compounds 1,2,3 and 4 have a possibility of covalent bonding of a silicone polymer, by an addition reaction 
of the end C=C bonds themselves with hydrosilyl groups of silicone having the hydros ilyl groups. Because of the 
reaction, dye exudates from such obtained materials are very little. Further it is possible to introduce these compounds 
into the polymer produced by radical polymerization. 

[0026] The above dye compounds have a maximum absorbance of about 35(M5()nm. Some of them have a weak 
absorbance at less than 350 nm. In such compounds, another ultraviolet absorbing agent should be preferably used 
at the same time. There are several types of ultraviolet absorbing agents, such as benzophenone, benzotriazole, 
salicylic acid and indole types, but such agents are not limited to these types. It is important that these types are used 
for compensating the absorbance of the above dyes and have functional groups which are able to chemically bind to 
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silicone to be main materials of lenses. 

[0027] Examples of such ultraviolet absorbing agents are 2-(5-acryloxyloxyethyloxy-2-hydroxy-3-tert-butylphenyl)- 
2H-benzotriazol, 2-(2-rrydroxy-5-acryloxyoxyphenyl)-2H-benzotriazole, 2-(2-hydroxy-4-methacryloyloxyethoxy)- 
4-chloro-2H-benzotriazole,2-(2-hydroxy-3-tert-butyl-^ 2-(3-allyt-2-hydroxy- 
5 5-methylphenyl)-2H-benzotriazole, 2-(3-allyl-2-hydroxy^ert-butytphenyl)-2H-benzotriazole, 2-hydroxy-4-methacry- 
loyloxybenzophenone, 2-hydroxy^-methaciyloyloxyethoxybenzophenone, 4-acryloyloxy-2-hydroxybenzophenone, 
4-acryloyloxyethoxy-2-hydroxybenzophenone and the like, but these are not limited. 

[0028] By using a yellow dye as an example of the present invention, having a possibility of addition reaction to 
silicone having hydrosityl groups, an addition reaction using a catalyst such as platinum can provide silicone compounds 
10 having a very low risk of elution of the dye directly bound to the silicone. 

[0029] Examples of the above silicone compounds having hydrosilyl groups are dimethytsiloxane-methylhydrosi- 
loxane copolymer, diphenytsiloxane-phenylhydrosiloxane copolymer, polyethylhydrosiloxane, methylhydrosiloxane- 
phenylmethylsiloxane copolymer, methylhydrosiloxane-octylmethylsiloxane copolymer, methyl silicone resin contain- 
ing hydrosilyl groups, poryphenyl(dimethylhydrosiloxy)siloxane and the like, but these are not limited to such corn- 
's pounds. 

[0030] Catalysts using in the addition reaction of yellow dyes to silicone compounds are desirably platinum com- 
pounds such as hydrog^ chloroplatinate, platinum-dMnyrtetramethyldisiloxane, and platinunvtetramethyltetravinyl- 
cyclosiloxane. I'urther, a silicone bound to the yellow dye obtained by the above method may provide a silicone elas- 
tomer chemically bound to the yellow dye by crosslinking with a silicone having vinyl groups—-^* " " - 
20 [0031 ]-~ Further, a silicone bound to the above yellow dye may provide a silicone elastomer chemically bound to the 
yellow dye by crosslinking with a mixture of silicone having vinyl groups and silica. 

[0032] To form the above elastomer, catalysts such as platinum compounds such as hydrogen chloroplatinate, a 
platinum-divinyftetramethyldisiloxane complex, a platinum tetramethyltetravinylcyclotetrasiloxane complex and a plat- 
inum-alumina supporting catalyst can be used, and such catalysts provide a smooth crosslinking reaction. 

25^ [0033] A yellow dye in accordance with one example of the present invention can be chemically bound to Silicone 
"having hydrosylil groups and then crosslinked with silicone having vinyl groups. Another method is that the yellow dye 
is mixed with silicone having hydrosilyl groups or silicone having vinyl groups, and the mixture is mixed with silicone 
having hydrosilyl groups and silicone having vinyl groups, and then the mixture is cross-linked at the same time as the 
yellow dye is reacted to the hydrosilyl groups. 

30 [0034] Upon mixing of the silicone described above, it is preferable to homogeneously disperse the yellow dye by 
using an appropriate solvent. As such solvents, acetone, ethanol, methanol, tetrahydrof uran, and dichloromethan can 
be exemplified. The yellow dye is dissolved in the solvent and mixed with silicone. Then, the solvent is distilled away 
with an evaporator, and the yellow dye can be uniformly dispersed in silicone. 

35 Examples 

[0035] The following are synthetic examples of compounds as used in examples of the present invention, and ex- 
amples of use of such compounds. 

40 Synthesis of compound 1 

1. Synthesis of diazonium benzoate 

[0036] P-amino benzoic acid 6.86 g (0.05 mot) was placed in a three necked flask of 1 000 ml, 1 mol/1 of hydrochloric 
45 acid 1 00 ml was added to dissolve the mixture. A mechanical stirrer, a thermometer and a dropping funnel of 200ml 
were attached to the three-necked flask. The flask was placed in an ice bath, and the temperature in the flask was 
kept at 0-5°C. Sodium nitrite (NaNOg) 3.8 g (0.055 mol) was dissolved in 10ml of distilled water, and the solution was 
slowly added dropwise from the neck into the flask for five minutes. The temperature in the flask was kept at 0-5°C, 
stirring was continued for 30 minutes, and yellow liquid was obtained to use for a subsequent reaction. 

50 

2. Synthesis of 4-(4'-carboxyphenylazo)-3-methyl-1 -phenylpyrazolone by azo coupling reaction 

[0037] 3-Methyl-1 -phenylpyrazolone 10.45 g (0.06 mol) was dissolved in 1mol/l of aqueous solution of sodium hy- 
droxide 1 00 ml and the solution was placed into the above dropping funnel. Vigorously stirring with a magnetic stirrer, 
55 the above aqueous solution was slowly added dropwise for one hour while it was kept at 0-5°C. After all the solution 
had been added, 1 mol/l of aqueous solution of sodium hydroxide 100ml was added, and the mixture was stirred for 
more two hours. After the reaction was finished, hydrochloric acid was added dropwise at room temperature, and 2N 
hydrochloric acid was slowly added dropwise to obtain a reaction solution of pH 2 with a monitor of pH test paper. A 
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large quantity of a precipitate was produced. The precipitate was filtered with Buchner funnel suction. The precipitate 
was washed with distilled water until the pH of the filtrate was 7. The suction was continued until no further filtrate was 
obtained, and the residue was washed with acetone 500 ml. The precipitate was placed in a heat dryer of 60°C and 
was dried under reduced pressure overnight with a vacuum pump. 

5 

3. Synthesis of A^-allyloxycarbonylphenylazoJ-a-methyl-l-phenylpyrazolone 

[0038] Dried solid 5g was collected from the above precipitate and placed in an oval flask of 300ml. Thionyl chloride 
50ml was added, and a ball tipped cooler was attached to the flask. The flask was kept in an oil bath at 90° C ~ 1 00°C, 

10 and the mixture was reacted for 30 minutes. After the reaction was finished, thionyl chloride was distilled away under 
reduced pressure. Allyl alcohol 50 ml and pyridine 5 ml were added into the flask, and the mixture was stirred for 30 
minutes at the oil bath temperature of 90-1 00°C and cooled to room temperature. The reaction solution was placed in 
a separating funnel of 1000 ml, and dichloromethan 100 ml and distilled water 100 ml were added. The solution was 
separated into two layers, and water of the upper layer and organic layer of the lower layer appeared. The lower organic 

15 layer was taken out of the funnel and washed with distilled water 1 00 ml, washed with 1 mol/l of aqueous solution of 
sodium hydroxide 100 ml three times, and washed with distilled water three times. It was confirmed with a pH test 
paper that the water layer had become neutral. The organic layer solution was taken out, after magnesium sulphate 5 
g was added to the solution, the mixture was stirred for 3 minutes. Magnesium sulphate was filtered off without suction. 
Solvent was distilled away with an evaporator to obtain orange solid. The obtained solid was dissolved in methanol 

20 200 ml and the mixture was submitted to heat filtration and cooled. Needle crystals separated out slowly and were left 
for about one hour in a refrigerator. The obtained needle crystals were separated by filtration, and dried in vacuo to 
obtain the crystals of the desired compound. 
H-NMR: d=2.4, 4.8, 5.3-5.5, 6.0-6.1 , 72-73, 74, 79, 8.1 , 13.5ppm 
1T-IK: 3060, 1719, 1561, 1550, 1499, 1251, 1159, 1108, 765cnr 1 

25 

Synthesis of Compound 2 

1 . Synthesis of a diazonium salt of 4-aminostyrene 

30 [0039] 1 N hydrochloric acid 1 00 ml was placed into a 1 000ml three necked flask equipping with a thermometer, and 
4-aminostyrene 2.5 g was added and dissolved. Ice cooling the flask, an aqueous solution 1 0 ml of sodium nitrite 1 .45 
g was slowly added for about ten minutes. All reaction solution was changed into green brown. 

2. Synthesis of 3-methyl-1-phenyl-4-(4-vinylpheny1azo)-5-pyrazolone by azo coupling reaction 

35 

[0040] 3-methyM -phenylpyrazolone 3.7 g was dissolved in 1 N aqueous solution 200 ml of sodium hydroxide. The 
solution was placed in a dropping funnel, and slowly added dropwise for about one hour into the solution prepared in 
1 above. With dropping, a red brown precipitate was produced in the solution. After the dropping was finished, the 
solution was wanned to room temperature, and stirred for one hour. Measuring with a pH meter, 1 N hydrochloric acid 
40 was added to obtain a solution of pH 2. The solution was filtered with suction, and the precipitate was obtained. The 
precipitate was washed well with water, and dried in vacuo overnight 

3. Preparation of 3-fnethyl-1-phenyl-4-(4-vinylphenylazo)-5-pyrazolone 

45 [0041] Toluene 100 ml was added into the solid obtained in 2 above, and the mixture was heated to 70-80°C and 
dissolved. The mixture was filtered without suction with filter paper to filter off impurities. After removing toluene with 
an evaporator, the residue was dried and recrystallized from small amounts of methanol to obtain needle crystals of 
the desired compound. 

H-NMR: d=2.4, 5.3, 5.7, 6.7, 7.2-7.3, 7.4-7.5, 8.0, 13.7ppm 
so FT-IR: 3060, 3006, 2921, 1654, 1582, 1550, 1501, 1490,1341, 1270, 1155,994, 913, 753cnv 1 

Synthesis of Compound 3 

[0042] 4-aminoazobenzene 1 g was dissolved in a mixture of ethanol 40 ml and toluene 5 ml in an oval flask of 200 
ss ml, and allyl bromide 1 0 ml was added. The flask was immersed in an oil bath at 80° C and heated to reflux the mixture 
for 30 minutes. Then, by adding NaOH 2 g, the colour of the solution was changed into greenish yellow. Allyl bromide 
10 ml was further added, and the mixture was refluxed at 80°C for 30 minutes. After the reaction was finished, dichlo- 
romethane 100 ml was added, and the solution was washed with 1 N NaOH aqueous solution three times and water 
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100 ml three times. The dichloromethane layer was taken out and the solvent was distilled away with an evaporator. 
After adding a small amount of ethanol, the mixture was submitted to heat filtration and cooled in a refrigerator. Needle 
crystals separated out. The obtained crystals were filtered and dried in vacuo to obtain crystals of the desired compound. 
[0043] Further examples of the invention are as follows. 

5 

Example 1 : Production of coloured silicone with compound 1 

[0044] Compound ^_0.o4g t -r2thydroxy-4^methacryloyioxyethoxybenzophenoneia5g commercially available as an 
ultraviolet absorber, and KE-103 100g (manufactured by Shinetu Silicone, principal constituent: vinyl-terminated poly- 

10 dimethylsiloxane) which is a transparent silicone of a two-part hard type commercially available as a principal material, 
these three compounds were mixed with stirring to uniformly disfflbute^c^poundslganoMh To 
the resulting principal material of silicone in which compound 1 and the ultraviolet absorber were uniformly dispersed, 
CAT-1 03, which is a silicone-crosslin king agent attached to KE-1 03, was mixed in the weight ratio of 1/1 0 per silicone. 
After removing bubbles by vacuum degassing, the mixture was interposed with glass plates and heat cross-linked at 

15 1 oo°C for 30 minutes to obtain a plate sample of a coloured silicone elastomer. Figure 1 shows a transmittance spectrum 
of the ultraviolet-visible light of the plate sample. 

Example 2: Production of coloured acrylic resin with compound 2 

20 [0045] The following materials were mixed: compound 2 0.01% by weight, phenylethylacrylate 60% by weight, phe- 
nylethylmethacryiate 34% by weight, 1 ,3-propanedioldiacrylate 3.5% by weight, 2-(2-hydroxy-5-acryloyloxyphenyl)- 
2H -benzotriazol 1 .5% by weight, AIBN 1 % by weight as an initiator. The mixture was interposed between glass plates 
and polymerized at 1 00 °C for 2 hours. After extracting unreacted materials from the polymer with acetone by a Soxhlef s 
extractor, the polymer was dried in vacuo to obtain an acrylic plate sample. 

25 

Example 3: Production of coloured silicone with compound 3 

[0046] To 1 00 g of commercially available trimethy Isiryl-terminated dimethylsiloxane?methy!hydrositoxaTiel»po^er 
(Aldorich) which was heated to 90 °C, 0.1 g of compound 3 and 5 g of 2-hydroxy-4-methacryloyloxyethoxybenzophe- 

30 none was added, and a commercial complex of platinum^iyjjnyte was added to obtain 

platinum concentration of 5 ppm. The mixture was reacted at 80 °C for one hour. After cooling the reactant, filtration 
was conducted with a 0.5u. membrane filter to obtain an orange silicone cross-linking agent. The coloured silicone 
cross-linking agent was mixed with KE-103 (manufactured by Sinetsu silicone, principal constituent : vjnyMerniinajed 
^lySii^hylsiloxane) in the ratio of 1/10 per the principal material. After removing bubbles by vacuum degassing, the 

35 mixture was interposed with glass plates and heat cross-linked at 1 00 °C for 30 minutes to obtain a plate sample of a 
coloured silicone. Figure 2 shows a transmittance spectrum of the ultraviolet-visible light of the plate sample. 

Comparative Example 1 : 

40 [0047] C.I.Solvent Yellow 16 of a commercial dye 0.01 g, 2-hydroxy-4-methacryloyloxyethoxybenzophenone of a 
commercial polymerizable ultraviolet absorber 0.1 g, and a transparent silicone 1 00 g of a commercial two-part hard 
type as a principal material were mixed with stirring to distribute uniformly the dye and the ultraviolet absorber. The 
resulting principal material of coloured silicone and a usual silicone cross-linking agent were mixed with a suitable 
mixing ratio. The mixture was interposed between glass plates and heat cross-linked to obtain a plate sample of a 

45 coloured silicone elastomer. Since the thus-obtained coloured silicone elastomer easily exuded the dye on the surface, 
it was not appropriate for use as a material in contact with living organisms. 

[0048] In this specification, the vert) "comprise 0 has its normal dictionary meaning, to denote non-exclusive inclusion. 
That is, use of the word "comprise" (or any of its derivatives) to include one feature or more, does not exclude the 
possibility of also including further features. 
so [0049] The reader's attention is directed to all and any priority documents identified in connection with this application 
and to ail and any papers and documents which are filed concurrently with or previous to this specif ication in connection 
with this application and which are open to public inspection with this specification, and the contents of all such papers 
and documents are incorporated herein by reference. 

[0050] All of the features disclosed in this specification (including any accompanying claims, abstract and drawings), 
55 and/or all of the steps of any method or process so disclosed, may be combined in any combination, except combina- 
tions where at least some of such features and/or steps are mutually exclusive. 

[0051] Each feature disclosed in this specification (including any accompanying claims, abstract: and drawings), may 
be replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated otherwise. 
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Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equivalent 
or similar features. 

[0052] The invention is not restricted to the details of the foregoing embodiment(s). The invention extends to any 
novel one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, 
abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process so 
disclosed. 



Claims 

1 . A dye for an intraocular lens having the following formula [I] or [II]: 



HO 




wherein R 1 is linear or branched alkyl of C^-C A0 or phenyl; when R 1 is phenyl, one or more hydrogens of its 
aromatic ring may be substituted by linear or branched alkyl of C r C 10> linear or branched alkoxyl of C|-C 10 , 
hydroxy, amino, sutfo, nitro, halogen, carboxy, -C^O^OR 4 or -C(=0)-NH-R 4 t wherein R 4 is linear or branched 
alkyl of Ct-Cm; 

R 2 is linear or branched alkyl of C 1 -C 10 , amino or phenyl; when R 2 is amino, one or both hydrogens thereof 
may be substituted by linear or branched alkyl of C r C 10 ; or when R 2 is phenyl, one or more hydrogens of its 
aromatic ring may be substituted by linear or branched alkyl of C 1 -C 10 , linear or branched alkoxyl of C.,-C 10 , 
hydroxy, amino, sulfo, nitro, halogen, carboxy, -Cf^OJ-O-R 4 , -C^O^NH-R 4 , wherein R 4 is linear or branched 
alkyl of C r C 10 ; 

R 3 is phenyl or naphthyl, one or more hydrogens thereof are linear or branched alkyl of C 1 -C 10 , linear or 
branched alkoxyl of C t -C 10 , hydroxy, amino, sulfo, nitro, halogen, carboxy, -C^OJ-O-R 4 >C(=0)-NH-R 4 , 
wherein R 4 is linear or branched alkyl of C r C 10 ; and 

in formula [I], at least one hydrogen of the aromatic ring constituted in R 1 , R 2 or R 3 is substituted by any of 
CH^CH-tCH^-, CH^CH-CCH^-XMCHJ,,-, CH^CCRSVtCHg^-Xi^OJ^C^^CH^lRSJ^CHa)^ 
(=0)-Xi-(CH2) n -, {CH^CtRSj^CH^^-kN-lCK,),,-, or {CH^(HMCH 2 ) m '} 2 N-C[^OHOH^ wherein is 
-O- or -NR 6 -, R 5 and R 6 are independently hydrogen, or linear or branched alkyl of C^C^, and m and n are 
independently integers in the range 0 to 1 0: 



R 12 R 11 R20 R 19 




wherein R 11 , R 12 R 13 , R 14 , R 15 , R 16 , R 17 , R 18 , R 19 , and R 20 are independently selected from hydrogen, hy- 
droxy, halogen, or linear or branched alkyl of C 1 ~C 10 , and at least one of them is a substituted group repre- 
sented by: 
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CH 2 =CR -X 



21 v 11 



;n — x 13 — 



CH 2 =CR 21 -X 11 



CH^CR^-X 12 



or 



\ 

/ 

R 23 



N- 



X 13 — 



wherein R 21 and R 22 are independently hydrogen or methyl, R 23 is hydrogen or linear or branched alkyl of 
10 a, ~C 10 , X 11 , X 12 and X 13 , independently, have covalent bonds, or linear or branched bivalent spacer groups, 

or -{CH 2 ) m -0-{CH£ n -, wherein m and n are independently integers in the range 0 to 10. 

2. A colouring silicone material which is obtained from chemical bonding of the dye represented by formula [I] or [II] 
of claim 1 to a silicone polymer having hydrosilyl groups. 

15 

3. A colouring silicone material which is obtained from chemical bonding of the dye represented by formula [I] or [II] 
of claim 1 and an ultraviolet absorber having functional groups capable of chemical bonding to a silicone having 
hydrosilyl groups. 

20 4. A colouring silicone material according to claim 2 or 3, in which the silicone having hydrosilyl groups is selected 
from the group comprising a dimethytsiloxane-methylhydrosiloxane copolymer, a diphenylsiloxane-phenylhydrosi- 
loxane copolymer, pofyethyihydrosiloxane, a methylhydrbsiloxane-phenytmethylsiloxane copolymer, a methylhy- 
drosiloxane-octylmethylsiloxane copolymer, a silicone resirT^ntainingT^ros]ryl"groups and polyphenyl(dimeth- 
ylhydrosiloxy)siloxane. 

25 

5. A silicone elastomer obtained by Crosslin king of a silicone having hydrosilyl groups according to claim 2 or 3 with 
a silicone having vinyl groups. 

6. A silicone elastomer obtained by crosslinking of a silicone having hydrosilyl groups according to claim 2 or 3 with 
30 a silicone having vinyl groups and a silica. 

7. An intraocular lens comprising a dye, colouring silicone material or silicone elastomer as claimed in any of the 
preceding claims. 

35 
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FIG. 1 
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